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Stream Integrity
• Monitoring the biological integrity of streams is important in comprehending how aquatic 
ecosystems react to various stressors and land uses.
• Chemical stressors (like herbicides and pesticides) can alter water quality through direct and 
indirect means such as runoff and ground-water discharge (EPA 2013).
Atrazine
• Atrazine is one of the most commonly used herbicides in the world (Rohr and Palmer 2004).
• It is used to prevent photosynthesis in broad spectrum weed control. 
• Primary production is reduced in aquatic vegetation causing hypoxia and acidification 
(Graymore et al. 2001). 
Aquatic Salamanders
• Salamanders are commonly used as indicators of the biological condition of streams because 
of their sensitivity to environmental change (Blaustein and Kiesecker 2002).​
Impact of Atrazine on Amphibians
• Atrazine dysregulates stress responses in larval frogs by reducing olfactory sensitivity to  
chemical cues (McMahon et al. 2017; Clay et al. 2019).
• Behavioral changes can alter fitness (like reduced development and growth) and decrease 
anti-predator avoidance in larval amphibians (Gabor et al. 2013; Ehrsam 2016).
Northern two-lined salamander (Eurycea bislineata)
• Family: Plethodontidae (lungless)
• Range: Eastern United States and Canada
• Terrestrial at adulthood
• Aquatic eggs and larvae
• Larval period lasts 2-3 years
Atrazine in local streams: Exposure and risks for 
larval salamanders 
Keanna Pfleegor and Tanya Matlaga, PhD
Department of Biology, Susquehanna University
Site Overview
• Blaustein, A.R. and Kiesecker, J.M. 2002. Complexity in Conservation: Lessons from The Global Decline of Amphibian Populations. Ecology Letters. 5: 597–608.​
• Clay, T.A., Steffen, M.A., Treglia, M.L., Torres, C.D., Trujano-Alvarez, L., and Bonett, R.M. 2019. Multiple stressors produce differential transcriptomic patterns in a 
stream-dwelling salamander. BMC Genomics. 20 (482).​
• Ehrsam. M., Knutie. S., and Rohr, J.R. 2016. The herbicide atrazine induces hyperactivity and compromises tadpole detection of predator chemical cues. 
Environmental Toxicology and Chemistry 35(9):1-7.
• EPA. 2013. Streams. https://archive.epa.gov/water/archive/web/html/streams.html. 
• Gabor, C.R., Fisher, M.C., and Bosch, J. 2013. A non-invasive stress assay shows that tadpole populations infected with Batrachochytrium dendrobatidis have elevated 
corticosterone levels. PLOS ONE. 8 (2).​
• Graymore, M., Stagnitti, F., and Allinson, G. 2001. Impacts of Atrazine in Aquatic Ecosystem. Environment International. 26: 483-495. ​
• McMahon, T., et al. 2017. Exposure to the Herbicide Atrazine Nonlinearly Affects Tadpole Corticosterone Levels. Journal of Herpetology. 51 (2): 270-273.​
• Pauley, T.K. and Little, M. 1998. A New Technique to Monitor Larval and Juvenile Salamanders in Stream Habitats. Banisteria. 12: 32-36.
• Rohr, J.R., Elskus, C.A., Shepherd, B.S., Crowley, P.H., McCarthy, T.M., Niedzwiecki, J.H., Sager, T., Sih, A., and Palmer, B.D. 2004. Multiple Stressors and 
Salamanders: Effects of An Herbicide, Food Limitation, and Hydroperiod. Ecological Applications. 14(4): 1028-1040.​
• Rohr, J. and K. McCoy. 2010. A qualitative meta-analysis reveals consistent effects of atrazine on freshwater fish and amphibians. Environmental Health Perspectives 
118: 20 - 32. 
• Waldron, J.L., Dodd, C.K. Jr., and Corser, J.D. 2003. Leaf Litterbags: Factors Affecting Capture of Stream-Dwelling Salamanders. Applied Herpetology. 1: 23-36.
Thank you to the Biology department at Susquehanna University for funding and Dr. Tanya Matlaga for project management. Special thanks to Dr. 
Persons and Dr. Elick for helpful discussions, to Dr. Holt and Matt Wilson for understanding in sampling methods, and to Darlene Slavick, Kody Streeter, 
and Carter Wynn for their help in the field. Additional thanks to the property owners for access to their streams. These studies were conducted under the 
approval of IACUC and through a Pennsylvania Fish and Boat Commission permit. 
Field Study
• Will there be a difference in salamander population size between agricultural and forested 
streams?
• Are leaf litter refugia bags an effective method for measuring salamander population size?
• Do atrazine and nitrate/nitrite levels differ between streams? 
Experimental Study
• After exposure to different atrazine treatments, do salamanders have a reduced ability to 
evade predators shown by reduced survival over time? Or is survival solely dependent on 
predator to prey size ratios? 
• We expect salamanders exposed to higher concentrations of atrazine to have poorer 
survival. 
Figure 7. Survival curves showing probability of salamander survival after exposure to 
different atrazine treatments (μg/L). Survival did not differ between atrazine treatments 
(Mantel-Cox log-rank test: chi square = 0.634; p = 0.889). 
Figure 1. Selinsgrove, Pennsylvania field study sites indicated by residential or common names as well as 
coordinates. Initial setup took place on September 22, 2020 and September 29, 2020. First week of sampling 







Figure 8. Linear regression model showing relationship between the length ratio (salamander/fish) 
(cm) and the probability of salamander survival time after exposure to different atrazine treatments. 
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Do salamanders have reduced survival over time after exposure 
to atrazine treatments?
Results
Did survival depend on predator to prey size ratios?
Results
Field Study
Is there a difference in salamander population size between agricultural and forested streams?
• Salamander population size did not differ between agricultural and forested streams
• Salamander population size did not differ between channel sequence
Are leaf litter refugia bags an effective method?
• Refugia bags did not yield large numbers of individuals
• Refugia bags did not retain leaf litter mass over an extended period
Did atrazine and nitrate/nitrite levels differ between streams? 
• Atrazine tested negative across all streams
• Nitrite and nitrate levels did not differ between streams
• Water pH did not differ between streams
• Water hardness did not differ between streams
Figure 3. Field study streams were tested for atrazine three times with sampling on March 29, April 5, and April 19, 2021. 
Figure 5. Northern two-lined salamander larvae 
(Eurycea bislineata) collected from refugia bags.
. 




• 20 leaf litter bags per stream 
• 10 bags per stream type 
• 5 bags per channel sequence








Figure 2. Pictures indicating study site selection for both agricultural and forested types. Locations were separated into 100 meter transects with at least 50 meters in-between. 
Bag placement was determined by randomly generated numbers correlating to a channel sequence. 
Experimental Study 
• Tank Set-up
• 16 standard 10-gallon tanks
• 19 liters of water
• Black cardstock to reduce disturbance 
• 12 rocks arranged into three groups of four
• Predator and prey were weighed and measured prior 
to experiment 
• Exposure
• Predator- Sunfish (Centrarchidae)
• Survival assessed at 2,4,8,16 and 24 hours
• Survival confirmed visually
Figure 4. Following set-up, a single salamander was added to the tank along with 
three amphipods. After an additional day for acclimation one sunfish was added. Two  
predator trials were conducted on November 20 and 23, 2020. 
Field Study 
• Refugia bags did not yield large results which could be due to low population size or seasonal 
variations in natural leaf litter assemblages (Waldron et al. 2003). 
• Water quality testing revealed no difference between streams which could have been due to 
flooding and other environmental causes. 
Experimental Study
• There was no difference in survival following exposure to different concentrations of atrazine. 
• There was no apparent difference in mobility or performance that would suggest anti-predator 
avoidance behavior was hindered. 
• Results could be due to differences in the species tolerance to atrazine. Further studies 
are required to look at effects of atrazine for longer periods of time (Ehrsam 2016). 
